The authors present the case of a patient with ischemic episodes and recurrent intracerebral hemorrhages probably caused by primary angiitis of the central nervous system (CNS). An initial angiogram revealed multiple cerebral artery aneurysms as well as vascular wall irregularity; a second angiogram obtained 2 years later, however, did not demonstrate the previous aneurysms but instead showed new ones together with stenosis. Based on the histopathological findings and clinical course in this case, the multiple aneurysms appear to have been induced by vascular wall fragility and subsequent self-repair resulting from primary angiitis of the CNS. The authors present the histological and clinical characteristics of this unusual case of granulomatous, necrotizing CNS vasculitis.
posterior cerebral artery along with vascular wall irregularities in several locations, suggesting preaneurysmal vasculitis (Fig. 1) . The patient's blood cell count and chemistry findings were normal, as were the results of cerebrospinal fluid (CSF) analysis; immunological findings (antinuclear antigens, immunoglobulin, and component factors) in both blood and CSF were also normal. There was no evidence of collagen disease. In view of the transitory nature of the patient's symptoms, his young age, the risks associated with surgery, and the fact that we could not reach a definite diagnosis of primary CNS angiitis, we decided not to initiate aggressive treatment (despite his episodes of hemorrhagic and ischemic stroke), opting instead for close monitoring of his clinical course. The patient's headache and left-sided hemiparesis recurred every 2 or 3 months and although he underwent a complete examination at least once per year, the results did not vary from those obtained in the first examination. First Operation. At the age of 12, the patient suddenly became comatose. Computerized tomography scanning showed an intracerebral hematoma in the frontal lobe. An angiogram of the left carotid artery demonstrated multiple aneurysms in the ACA and MCA, as had been the case with the previous angiogram; this time, however, two new aneurysms were also demonstrated in the MCA (Fig. 2 upper  left) . Surgery was performed to remove the hematoma and to coat the three aneurysms in the ACA and MCA, but the bleeding point in the aneurysm at the branch of the left callosomarginal artery could not be confirmed. The other aneurysm, located in the distal portion of the MCA, was not surgically treated. Postoperatively the patient was placed on a course of betamethasone (maximum initial dosage 16 mg/day, followed by tapering off) for 1 week to reduce the brain edema that ensued after surgery. After 1 month he was discharged from the hospital with normal neurological function. Second Operation. Six months after the patient was discharged, a follow-up angiogram demonstrated a newly developed aneurysm in the distal portion of the MCA, but it did not show the three previously coated aneurysms at the branch of the left callosomarginal artery or the two other aneurysms in the MCA ( Fig. 2 upper right) . Surgery was performed to clip one of the new MCA aneurysms ( Fig. 2 lower left) .
At the age of 13 years the patient underwent repeated angiography, which showed no opacification of the previously clipped aneurysm. This angiogram also showed irregularity of the left pericallosal artery wall ( Fig. 2 lower right) .
Third Operation. At the age of 15 the patient again became comatose, this time because of an extremely large hematoma (5 X 5 cm) that had developed in his left frontal lobe. We evacuated the hematoma and removed the ruptured aneurysm by trapping the left pericallosal artery. Histopathological findings demonstrated some inflammatory cells infiltrating the wall of the aneurysm. We could not confirm the diagnosis based on these regional findings alone. The patient was in a vegetative state postoperatively and died of pneumonia approximately 2 years later at the age of 17.
Autopsy Findings. The autopsy findings were multiple saccular and fusiform aneurysms as well as wall irregularities in the cerebral and spinal radicular arteries. Histological examination revealed no specific vascular abnormalities in the kidney, liver, or spleen, and there were no findings suggestive of angiitis in any other organ except the brain and spinal cord. Histological examination of the aneurysm walls showed infiltration by lymphocytes and macrophages along with chronic inflammatory reaction (Fig. 3 upper) , but no signs of acute inflammation, mycotic embolization, or destruction of the elastic layer. Special staining of the vessel walls revealed no acid-fast bacilli or signs of viral infection. The vascular wall irregularities displayed numerous lymphocytes, granulomatous changes, and stenosis of the vascular lumen (Fig. 3 lower) . 
DISCUSSION

Clinical Manifestations and Diagnosis of Primary CNS Angiitis
Although our patient's cerebral aneurysms were aggressively treated with surgical intervention, there were no definitive indications pointing to a diagnosis of primary angiitis of the CNS until the third operation, at which time histological inspection revealed many lymphocytes and granulomatous changes in the aneurysm walls. The clinical course of the patient's condition (ischemic episodes and recurrent intracerebral hemorrhages), the angiographic findings (wall irregularities and stenotic lesions), and the autopsy results (no abnormalities detected on CSF or laboratory testing) documented the presence and effects of angiitis that was largely confined to the CNS and characterized by vascular infiltration of epitheloid cells, giant cells, and lymphocytes in the absence of a demonstrable infectious agent.
A previous review of reported cases of primary CNS angiitis indicated that the average age of onset is between 15 and 96 years (mean 50.5 years), with a higher incidence in males (males 66%:females 34%). The cerebrum is the most frequently involved site (95% of cases), followed by the pons or medulla oblongata (32%), the cerebellum (18%), and the spinal cord (16%). [3, 7] Headache is the most commonly reported symptom, but a wide variety of neurological signs and symptoms has also been described. Although a combination of focal and diffuse neurological deficits is characteristic of the disease, a few cases with purely focal presentation have also been reported. [3] Diagnosis of primary angiitis of the CNS confronts the clinician with a problem of enormous complexity because of the wide variety of clinical presentations. Nonspecific signs of inflammation such as increased white blood cell count, increased erythrocyte sedimentation rate, and positive C reactive protein are occasionally observed but are not characteristic of the disease. Analysis of the CSF sometimes indicates increased protein concentration and mononuclear cells. Increased CSF pressure is a relatively common sign. Diagnosis is only possible after careful exclusion of other angiitides with CNS manifestation; subacute chronic meningoencephalitides; and neoplastic processes. Before reaching a definite diagnosis of primary CNS angiitis, we propose that the following criteria should be met: 1) the patient presents clinically with headaches and multifocal neurological deficits of at least 6 months' duration except in cases of devastating onset; 2) several areas of segmental arterial narrowing are demonstrated on cerebral angiography; 3) systemic inflammation or infection has been ruled out; and 4) a leptomeningeal/parenchymal biopsy specimen demonstrates vascular inflammation but no signs of infection, atherosclerosis, or neoplastic disease. [9] The most common clinical manifestations of primary CNS angiitis are tissue ischemia produced by occlusion of the vascular lumen or by thrombus formation, and focal or multifocal cerebral infarction with or without hemorrhagic changes. [2] Intracerebral hemorrhages are caused by focal necrosis of the parenchymal artery wall. Subarachnoid hemorrhages can develop as a result of damage to the leptomeningeal arteries. [11] In the case reported here, the patient's ischemic episodes indicated primary angiitis of the CNS; his recurrent intracerebral hemorrhages, caused by rupturing of appearing and disappearing aneurysms, are not atypical of the disease. The irregularities in the vascular wall appear to have been caused by chronic inflammation, which is indicative of vasculitis and preaneurysmal dilation. This inflammation also appears to have caused the weakening of the patient's arterial walls, which in turn seems to have led to his multiple aneurysms. Reported cases in which angiographic examination revealed the presence of clusters of saccular aneurysms [8] or in which multiple aneurysms were found to be associated with lymphomatoid granulomatosis [7, 11] indicate that necrotic, angiodestructive infiltration by premalignant or malignant lymphoid cells can cause arterial walls to collapse from weakness. [12, 13] Primary angiitis usually presents with ischemic lesions or hemorrhage caused by stenosis and vascular wall fragility. Hemorrhage of ruptured aneurysms resulting from angiitis has been reported in only three previous cases. [8, 11, 14] To the best of our knowledge, ours is the first reported case of a ruptured aneurysm in the supratentorial region caused by primary angiitis of the CNS with autopsy-confirmed granulomatous changes in the aneurysm wall. It is possible that the aneurysm in our patient was not demonstrated on the subsequent angiogram because of self-repair of the vascular wall stimulated by postoperative infusion of steroid medication.
Histopathological Features
Granulomatous angiitis of the CNS is an uncommon form of vasculitis, first described as a distinct disease by Cravioto and Feigin [5] in 1959. There are only a few reports in the literature of primary CNS angiitis inducing subarachnoid or intracerebral hemorrhages. [1, 4, 6, 14] Granulomatous angiitis associated with intracerebral hemorrhage and parenchymal edema was first described by Ozawa, et al., [10] in 1995. This unique necrotizing vasculitis has been recognized as a distinct disease variously defined as "granulomatous angiitis of the central nervous system," "isolated angiitis of the central nervous system," or "primary angiitis of the central nervous system." [1, 6, 9, [11] [12] [13] In primary CNS angiitis, granulomatous changes--variable inflammatory infiltrates such as acute polynuclear leukocytes, chronic polynuclear lymphocytes, and multinucleated giant cells with focal fibrinoid necrosis--are often seen in the walls of leptomeningeal and parenchymal arteries and veins. This disease has well-defined characteristics that distinguish it as a clinicopathological entity. [15] However, its essential individuality is based on its difference from the other vasculitides that affect the CNS, notably collagen disease, sarcoidosis, giant cell (temporal) arteritis, granulomatous angiitis with Hodgkin's disease, allergic angiitis, infectious angiitis, Takayasu's disease, and rheumatoid arteritis. In the case reported here, the histopathological findings in the aneurysms walls in the cerebrum and spinal cord indicated infiltration by chronic polynuclear lymphocytes and multinucleated giant cells; no vascular abnormalities were found in any other organs. It was these findings that confirmed the diagnosis of primary angiitis of the CNS.
The cause of primary CNS angiitis remains unknown. The presence of granuloma and the absence of antibodies and immune complexes in the vessel walls suggest a cell-mediated disorder of the immune system. The reason behind the activation of cell-mediated inflammation is unclear. There are no reports of clinical, serological, or hereditary features that would indicate an underlying autoimmune process. However, reductions in serum complement levels and the effectiveness of steroid medication therapy reported by previous authors suggest that the autoimmune process may play a causal role in this disease. [7] 
Medical Management
Because the cause of primary CNS angiitis remains unknown, therapy is directed at the inflammatory process. Steroid medications are therefore the primary form of medical management. In progressive or resistant cases, cytotoxic agents such as azathioprine or more recently cyclophosphamide have been used. [6] Recognition of this therapeutic possibility is important, especially because immunosuppressant drugs may halt the underlying process and prevent the potentially irreversible consequences of neural damage associated with this disease. We were unable to provide our patient with the most appropriate treatment because we did not fully grasp the underlying pathophysiological mechanisms of his angiitis, which had the perplexing property of resulting in both hemorrhagic and ischemic strokes.
Although we are unable to offer a definitive explanation for the vanishing aneurysm in our patient, we speculate that the wall of this aneurysm may have been repaired when the patient's immune system was suppressed by administration of steroid medication (betamethasone). Trapping and resection appear advisable in treating hemorrhages caused by rupturing of angiitis-related aneurysms because the latter are in fact pseudoaneurysms that tend to occur when inflammatory changes in vascular walls lead to structural fragility.
